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Abstract

Resonant soft X-ray emission (RSXE) spectra of Bay, Mo,V;_,0, and \,0O3; have been recorded for a series of excitation energies at
resonances of the V L- and O K-absorption band. Resonant excitation allows us, firstly, to separate V 3d and O 2p projected density-of-states
of the valence band and, secondly, to study charge-neutral low-energy excitations due to resonant inelastic X-ray scattering (RIXS). We found
that both the V L- and the O K-emission spectra clearly show components originating from O 2p- and V 3d-states, reflecting the high degree
of hybridization of the valence band in all compounds. At threshold excitation we observed theDNspéctra are dominated by RIXS
whereas MgV;_, 0, and \,O; spectra show bandlike features, which may be due to differences in the correlation effects of the compounds.
We compared the RSXE spectra with cluster model calculations, which gives a good account 6 Mddéreas the RSXE spectra of the
other compounds show RIXS only at certain energies well above the threshold. In fact, we interpret the trend in the RSXE spectra of the
Mo,V,_,0, compound system as a successive filling of the (rigid) V 3d band with increasing Mo content.
© 2003 Elsevier B.V. All rights reserved.
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1. Introduction K [5]. In order to understand the underlying mechanisms for
the various phase transitions displayed by these vanadium
Transition metal oxides display a broad variety of elec- oxides it is essential to obtain a better understanding of their
tronic, magnetic and structural material properties. Vana- electronic structure at room temperature.
dium oxides comprise a particularly interesting subgroup of  NaV,0Os possesses an orthorhombic crystal structure at
the 3d transition metal compound family because many of room temperature and is centro-symmetfg ) with only
them show metal-to-insulator transitions (MI[L] and other one distinct V ion in a mixed valence state (average va-
interesting phase transitionsp®; and VO exhibit a MIT lence VF49) [6]. The spins are carried by V-O-V molecu-
at 160 K[2] and 340 K[ 3], respectively. Metallic monoclinic  lar orbitals, the basic building blocks of the electronic struc-
MoO; is isostructural to the low temperature semiconduct- ture of this unconventional spin-Peierls material. The elec-
ing phase of VQ. By doping VO with Mo the MIT temper- tronic structure of insulating Na)0s has been widely stud-
ature for the M@V1_, 0O, compound system can be shifted ied by experimental and theoretical investigatigés15].
towards lower temperaturg¢4]. The insulator NayOs has By comparing model calculations of the electronic structure
a charge ordering or spin-Peierls-like phase transition at 34with experimental spectra gained from conventional opti-
cal technique$7—11] the key parameters of the electronic
mspondmg authors. §tructure can be determined. The room temperat.ure insulat-
E-mail addresses: thorsten.schmitt@fysik.uu.se (T. Schmitt), ing state of NayOs has been theoretically investigated by
laurent.duda@fysik.uu.se (L.-C. Duda). band structure calculations within the framework of the local
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density approximation without (LDAJ8,12—14]and with in a radiative process by emitting an X-ray photon. Since
(LDA + U) [12-15] on-site Coulomb correlation U correc- RSXES is a photon-in—photon-out technique in which ex-
tion. By including the U correction the insulating character citations are registered as an energy loss with respect to
of NaV20s is explained. This visualizes the strongly corre- the incoming photon energy, it is often called resonant in-
lated nature of its electronic structure. As a key feature, the elastic X-ray scattering (RIX9R4]. With RIXS we denote
V 3d,, band is split into an upper and lower Hubbard sub- the part of the RSXE spectrum originating from low energy
band opening a gap around the Fermi level between themlocal electronic excitations (e.g. dd-excitations), which dis-
[13]. perse linearly with the incoming photon energy, i.e. Raman
At 160 K, V203 undergoes a MIT from the paramagnetic scattering. Such excitations show up as energy loss peaks
metal phase to the anti-ferromagnetic semiconducting phaseand an elastic peak at zero energy loss corresponds to a di-
[16,17] This MIT is accompanied by a structural phase tran- rect decay to the ground state. The parts of the RSXE spec-
sition from the trigonal (corundum) structure in the metallic tra that do not behave as Raman scattering, and thus are
state to a monoclinic crystal structure in the semiconducting stationary in X-ray emission energy, are denoted as ‘ordi-
state[17]. As basic building blocks the metallic room tem- nary fluorescencef24]. This ordinary fluorescence part is
perature phase consists of distortegt@@tahedra of which  related to the LPDOS of the material. Thus RSXE spectra
two-thirds are occupied by a V atom. The prime mechanism generally consist of three ‘components’. ordinary fluores-
for the MIT is generally believed to be dominated by elec- cence at fixed X-ray emission energy, RIXS contributions at
tron correlation effect$18,19] However, the detailed ori-  constant energy loss and elastic scattering at the incoming
gin of the MIT in V>03 is still under debate and therefore photon energy. Local electronic excitations are often a con-
experimental studies of the electronic structure are highly sequence of electron correlation in 3d-transition metal com-
desirable. pounds such as vanadates and give prominent RIXS contri-
Vanadium dioxide VQ undergoes a MIT from a paramag- butions in L-edge RSXE spectra. In conventional optical ab-
netic metal with tetragonal rutile structure to a non-magnetic sorption technigues transitions between states with the same
semiconductor with monoclinic structure®& 340 K[20]. angular momentum quantum numbeare very weak due
Half of the orthorhombic distorted g2octahedra are filled  to the dipole selection rule. Therefore, dd excitations and in
with one V atom in the metallic high temperature phase. De- particular the correlation induced gap between \/,3ahd
spite decades of studies the nature of these phasesdimsVO V 3d, in NaV,Os is difficult to study in optical absorption
not fully understood. The mechanism of the MIT in Y&as and RSXES is the method of choice for such cases. A more
been mainly ascribed to a crystallographic distortion and the extensive description of the RSXE procg24] and its ca-
resulting electron—phonon interactif#ti], but electron cor- pability to study correlated materials such as vanadates and
relation effect§19] may play animportant role as well. Dop- cuprates is given elsewhere in this voluf2é].
ing of VO2 with electron donors (e.g. with Nb, Mo, W, Re or
F) results in a linear decrease of the MIT temperatures pro-
portional to the dopant concentration. Metallic monoclinic 2. Experimental
MoO» [22] is isostructural to the low temperature semicon-

ducting phase of V@ By doping V& with Mo the MIT The investigated vanadium oxide samples were single
temperature for the Md/1_,O2 compound system is de- crystals (approx. 2 mm 2 mmx 0.1 mm) and all exper-
creased4]. Besides the industrial relevance of M6, O2 iments were performed at room temperature. SXA and

for thermochromic window coating®3], the study of the RSXES experiments were performed at the undulator beam
nature of its MIT is also still of general interest and can lines 7.0.1[26] at the Advanced Light Source (Lawrence
reveal further details about the MIT also in undoped,YO  Berkeley National Laboratory, USA) and 1511{37] at

We investigated the room temperature electronic structure MAX Il (MAX-lab National Laboratory, Lund University,
of these vanadium oxides by means of soft X-ray absorp- Sweden). Beamline 1511 comprises a modified SX-700
tion spectroscopy (SXAS) and resonant soft X-ray emis- monochromator layout and beamline 7 is based on a
sion spectroscopy (RSXES). In particular we discuss RSXE spherical grating monochromator design. X-Ray absorp-
spectra of NayOs and \LOg3, presented by Schmitt et al. tion spectra were measured by recording the total electron
[34] in a more descriptive manner, and compare them with yield (TEY) by measuring sample drain current while scan-
cluster model calculations that allow us to assign electronic ning the photon energy of the incident monochromatized
transitions to their respective spectral contributions. SXAS synchrotron radiation. The SXA spectra were normalized
is used as a means to determine the resonant excitation ento the photo current from a clean gold mesh introduced
ergies for the RSXES experiments. SXES is based on ainto the synchrotron radiation beam in order to correct
two-photon process and it is known to reflect local partial for intensity variations of the incident X-ray beam. Soft
density-of-states (LPDOS) for wide-band materials. Core X-ray fluorescence was recorded with a high-resolution
electrons excited by X-ray photons undergo a transition to Rowland-mount grazing-incidence grating spectrometer
an intermediate core-excited state. This intermediate state[28] with a two-dimensional detector. X-Ray photons were
decays to a final valence excited state or the ground statedetected parallel to the polarization vector of the incoming
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beam, which minimizes quasi-elastic scattering. For SXA

spectra and excitation of RSXE spectra a monochromatorAdjustable parameters of the cluster model Hamiltonian for p@y/and

energy band pass of 0.15 eV and 0.25 eV, respectively,
was used. The total energy resolution (combined from ex-
citation and spectrometer energy resolution) of the RSXE

experiments was determined to be 0.6 eV by measuring theNav,0s, V4

full-width-at-half-maximum (FWHM) at the elastic peaks.
The X-ray emission energy was calibrated by recording
the characteristic Zn |z spin—orbit doublet in 2nd order
of diffraction, i.e. the 3d—2§> 1/ transitions, from a clean
Zn-foil and using the tabulated characteristic X-ray line en-
ergies from Bearde[R9]. A common energy scale for SXE
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Table 1
203
A Udd Udc V (&) 10Dq
(eV) (eV) (eV) (eV) (eV)
4.0 4.0 4.8 3.1 0.7
NaV,0s, Vot 0 4.0 4.8 3.1 0.7
V503, V3t 6.0 4.5 5.3 2.9 1.4

For NaV»Os the elastic peak originates from théV/(3d?)
component, whose ground state symmetryig The Pt

and SXA spectra was determined by determining the peak(V 3d°) part with ground state symmetAs4 does not con-

positions of the elastically scattered X-rays in the RSXE
spectra.
At beam line 1511-3 (MAX Il) refocusing optics situated

tribute to elastic scattering. Moreover,®3 as a compound
with V3 (V 3d?) valence configuration shows an elastic
peak due to itd14 ground state symmetry.

in front of the measurement chamber and focusing the beam The adjustable parameters of the Anderson impurity

down to a vertical beam size of below 20n is employed.
This facilitates taking RSXE spectra without an entrance

Hamiltonian for the V 2p RSXES model calculations for
vanadium oxides are the charge transfer enefgy =

slit, i.e. the beam spot on the sample is the source for the E(dn+1L) — E(d,) between V 3d and ligand O 2p orbitals,
soft X-ray emission spectrometer, and thereby achieving anthe on-site d—d Coulomb interactidyg, the intra-atomic

energy resolution corresponding to a 1542®- entrance
slit width and a considerable gain in solid angle of radiation
reaching the detector. At beanmdii7 a spectrometer entrance
slit width of 15-20um had to be chosen in order to record
high-resolution spectra with the same resolution.

3. Calculations

The experimental V 2p RSXE spectra presented in the

core hole potentiallqc, the hybridization strengtW(eg) =
—2V(tzg) and the magnitude of the crystal field splitting
10Dg e(eg) — e(tzg). These parameters for NaWs

and \LOs3 are tabulated iTable 1 Further details about the
theoretical calculations and the formulation of the chosen
cluster model Hamiltonian are described elsewh&®@.

The calculated RSXE spectra are presented by a direct
comparison with the experimental V 2p RSXE spectra in
the next section.

next section are compared to model calculations. These cal-

culations were performed in fOsymmetry with a single
vanadium site V@ cluster mode[30] in the framework of

an Anderson impurity moddR4]. For Na\bOs the basic
structural units consist of distorted ¥@yramids connected

in the a—b plane to layers. These layers are stacked along
the c-axis separated by Naions between therf{6,15]. The
distorted VG pyramids were approximated by ¥Q@lus-
ters in order to simplify the calculation procedure. N&¢

is in a mixed valence state with a formal valence 3PV

[6]. In order to account for these mixed valences the spec-

tra were calculated for the4 (V 3d') and \P+ (V 3d°)

4. Results and discussion
4.1. NaV,0sg

In Fig. 1a the V L and O K SXA spectrum of Na\Ds
is displayed. Between 513 and 528 eV the V L-spectrum is
splitinto a spin—orbit doublet. The absorption band from 513
to 521 eV is derived from the V 2p—V 3d transition (V
Lz) and the one from 521 to 528 eV from the Vi2p—>V
3d transition (V Lp). Just above the V 4-edge (528 eV)
the double-peaked O K-spectrum is centered around 531 eV

oxidation states independently and superimposed using the(528-534 eV) and is attributed to O 2p states hybridized

Kramers—Heisenberg formu[24,30] For V,Os only one
spectrum for the correspondingV (V 3d?) valence has to
be calculated with the help of the Kramers—Heisenberg for-
mula.

Experiments and calculations were carried out for emitted
photons detected in a direction parallel to the polarization
vector of the incident X-ray beam. This geometrical con-
figuration minimizes the elastic contribution. Nevertheless,
for both Na\bOs and \,03, an elastic peak appears in the
RSXES experiments as well as in the cluster model calcu-
lations. This behavior can be explained by the group the-
oretical considerations described by Matsubara ef38l.

with unoccupied crystal field split V 3d states. The structure
around 542 eV originates from hybridization between O 2p
states and V 4sp states.

Fig. 1b shows the RSXE spectra of NaUs excited at
the energies indicated by the arrows (a)—(n) in the SXA
spectrum inFig. 1a. The V L,-band (3d-2p3/) and the V
Lg-band (3d-2py ;) are situated around 510 and 518 eV,
respectively. Above the V L-emission band region the O
K-emission band is spread around 525 eV. The overlap of
the V L,-, V Lg-and O K,-band is visualized with bars at the
energy scale of the emission spectrédig. 1b. By resonant
excitation we can tune the energy to the different absorption
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the V L,-emission band, the V{-emission band is also ex-

Illll'lI'I'IIllllllllllll[lllllllll]lII||

,:‘27 ? a cited. Spectra (i)—(n) show the O,Kemission spectra and

€ 1 / ¢ h mainly display the O 2p projected PDOS. In all RSXE spec-
g i 1 K tra ordinary V L-fluorescence is superimposed onto strong
i ¢ \ | RIXS contributions. Only for the excitation energies above
> | | the O 2p threshold RIXS seems to be less pronounced.

g b A prominent feature in the resonantly excited spectra
Qe a (a)—(h) at the V L thresholds disperses linearly with the
£ ! SXA spectrum of NaV205 elastic peak at an energy loss of approximately.6 eV.

NN SN ENE NS ENENE N NN EN NS NE NN

This loss structure is ascribed to a dd-excitation within the

510 520 530 540 550 crystal field split 3d multiplet. Following this interpreta-
Photon Energy (eV) tion the dispersing band situated around 507 eV in X-ray

emission energy in spectrum (a) cannot be interpreted as or-

| I L L NI L L L L | . . .
dinary V L-fluorescence. Instead we interpret this as charge
RSXE .
SXES of NaV,0, b transfer (CT) statesU3c2L) showing up as RIXS features
in our spectra. Irig. 2the RSXE spectra (a)—(h) are plotted
n against an energy loss scale relative to the elastic peaks and
m compared to the performed model calculations. This visual-
A '
— k T I 1 T T T I T T T l T T T l 1 T T T T
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Fig. 1. () V L and O K soft X-ray absorption spectra of N&4
in total electron yield mode. The excitation energies for the resonant
soft X-ray emission spectra in (b) are marked through arrows above the
spectrum. (b) Resonant soft X-ray emission spectra of J0&Vexcited
at the energies indicated by the arrows (a)—(n) in the absorption spectrum
in (a) above. The energy regions of the overlapping ¢,V Lg- and setees

O Kq-emission bands are marked through bars at the energy scale. The
excitation energy dependence of these emission spectra visualizes that -20 -15 -10 -5 0
V L- and O K-emission spectra both consist of components originating E L V

from O 2p and V 3d bands, i.e. O 2p and V 3d electrons are strongly nergy LOSs (e )

hybridized.
Fig. 2. Comparison of experiment and calculation of resonant soft X-ray

emission spectra of NaXDs excited at V L-edge energies indicated by
thresholds and thereby partially eliminate this overlap. Spec- € arows (a)~(h) in the absorption spectrunig. 1a. The spectra are
. . plotted against an energy loss scale relative to the elastic peaks. A peak at
tra (d) ".’md (e) are dommate_d t_’y the \4-Em|ss'|on band at an energy loss of approximatelyl.6 eV corresponding to a dd-excitation
approximately 510 eV in emission energy, which reflects the ang a band of charge transfer states arourfdeV are marked through

V 3d projected PDOS. In the RSXE spectra (f)—(h) besides dashed lines.
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izes that the model calculations give a good account for the site cluster model calculatiofi24,30] Nevertheless, the po-
dd-excitation peak, marked by dashed lines at a constant ensition of the CT band is reproduced fairly accurately in the
ergy loss of—1.6 eV in the experimental spectra. According model calculations.

to the results from a recent LSDAU band structure cal- The good agreement of the experimental V 2p RIXS
culation[13] this energy loss feature can be attributed to a contribution in the RSXE spectra with the cluster model
dd-excitation from the lower occupied Hubbard band Md calculations corroborates the assumption of the highly

the upper unoccupied Hubbard band\/dn Wu and Zheng correlated nature of Na0s. Furthermore, the ratio of
[13] the LSDA+ U band structure calculations revealed a inelastic scattering to ordinary fluorescence contributions
d—d transition gap of 0.6 eV. Our present RSXES investiga- gives a phenomenological measure of the localization in
tion gives 1.6 eV, a much higher value for this correlation in- the intermediate core-hole state. From the dominance of
duced band gap and agrees well with a recent study by Zhanghe RIXS contributions in spectrum (a)—(c) we conclude
et al.[31] who observed a value of 1.560.05 eV. In spec-  that the states in the threshold region are strongly localized
trum (a)—(c) ofFig. 2a band situated around an energy loss and indicative of a highly correlated material. The present
of —7 eV originating from CT states is marked by dashed cluster model calculations give a valuelddq = 4.0 eV for
lines. the on-site d—d Coulomb energy, significantly higher than
Ordinary fluorescence contributions become increasingly Ugg = 3.0+0.2 eV in Zhang et al31] who did not include
significant for higher excitation energies. Spectra (a)—(c) oxygen orbitals and the intra-atomic core-hole potential
consist mainly of RIXS contributions. Beginning with spec- into their model Hamiltonian.
trum (d), which is excited at the maximum of the \5 L Previously suggested dd-excitations at energies of 0.9-1.0
absorption band, the CT band overlaps with the ordinary eV [8,10,11] are not observed in our RSXE spectra of
V L,-fluorescence. In the same spectrum, a peak at lowerNaV,0s. This may support the alternative interpretation of
energy adjacent to the dd-excitation peak appears and isseveral authorfl 0,11]who attribute a bonding—antibonding
ascribed to upcoming ordinary Vgkfluorescence. Spectra transition within the V-O-V rung to the spectral feature
(d)—(h) show a superposition of RIXS and ordinary fluo- seen in optical conductivity data at around 0.9-1.0 eV.
rescence contributions and deviations between model andOur observations and calculations also seem to exclude the
experiment are ascribed to this superposition. Ordinary flu- possibility of a dd-excitation centered at an energy loss of
orescence follows from delocalized intermediate states and1.25 eV, at which energy a peak was observed in optical
cannot therefore be accounted for with our single vanadium absorption7] and assigned to a possible dd-excitation.

rryrrrTrrT T T T T T T T T T T T T T T T T AR R R RN R

V L emission of Mo V1 02 ;. :@ SXA spectrum of Mo,V, O, with x=18%
X =X " c
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Fig. 3. Resonant soft X-ray emission spectra of Mg_,O, with x=0, 8 and 18% excited at the energies indicated by the arrows (A)-(C) in the
absorption spectrum (upper right panél) K emission (lower right panel) dnVv L emission (left panel) show drastic line shape and intensity changes for

different doping content. By doping with Mo, additional spectral features become visible and are associated with a successive filling of the V 3d-band.
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4.2. Mo, V1_,02 4.3. V03

By doping VO with x = 8% and 18% Mo the MIT tem- In Fig. 4a comparison between V 2p RSXES experiments
perature of undoped VO Ty (0% Mo) = 340 K, is low- and calculations of YOg is displayed. The corresponding
ered toTy (8% Mo) = 225 K andTy; (18% Mo)= 130K, resonant excitation energies are marked by the arrows (D),

respectively. SXA spectra for Mo doped and undoped, VO

[32] are similar, with respect to the positions of spectral L o
features and the relative spectral intensities. Minor changes
might be obscured by oxidation states present only at the D F
surface of the single crystal samples. Especially, the em-
ployed TEY-mode is a relatively surface sensitive technique
and therefore a much more bulk sensitive method seems to
be advantageous for studying the subtle spectral changes
for the different doping levels in Mo doped VORSXE
spectroscopy is as a photon-in—photon-out technigue such
a method with bulk probing ability. As a test of the ap-
plicability of RSXE spectroscopy to study the Mo-doped

VO, family, we compared RSXE spectra at V L- and O 510 ‘51‘5‘ - 'szlo‘ “es
K-thresholds for two different doping levels with the un- Photon Energy (eV)
doped system.

Intensity (arb. units)

V 2p SXA spectrum of V,0,

Fig. 3displays RSXE spectra of M¥1_,0, with x = 0, prrrTrTTTT T T T T T T T T T T

8 and 18%. The corresponding excitation energies are in- | ™ g;‘fciflg?ﬁm V 2p RIXS of V,0,
— ion

dicated by the arrows (A)—(C) in the SXA spectrum of
Mo,V1-,02 with x = 18% (upper right panelO K emis-
sion (lower right panel) ahV L emission (left panel) show
dramatic changes of line shape and intensity for different
doping contentx. In the RSXE spectra of undoped YO
(solid line) RIXS structures seem to be rather weak, which
favors a more bandlike interpretation of the electronic struc-
ture[19,21,33] By doping with Mo, additional spectral fea-
tures become visible.

A band around approximately 514 eV in X-ray emis-
sion energy, present in the spectra excited in between
V L3z and V L, absorption band labelled with (B) in
Fig. 3 is associated mainly with VV 3d PDJ%$4,35] We ob-
served how spectral weight increases with Mo conteamd
related this to a filling of the V 3d band due to a corre-
sponding increase of electron doping. Similar effects have S
recently been observed in a study of Li-ion intercalated
vanadium oxide battery cathod¢36]. A double-peaked
substructure splitting the V 3d band centered around ap-
proximately 514 eV might be indicative of additional RIXS
features showing up in the RSXE spectra for increasing Mo
doping content. The spectra excited at the pre-peak (A) dis-

Intensity (arb. units)

play a rigid shift of the spectral weight originating predom- L, " .. ) D
inantly from O 2p PDOS from approximately 508 to 506 20 15 10 5 0

eV in emitted photon energy upon doping ¥@ith 18%

Mo. This spectral behavior is interpreted as a consequence Energy Loss (eV)

of the V 3d band-f|II|ng aqd a quaSI'“gld b.an(_j behaY'Or Fig. 4. V 2p RSXES experiments and calculations ofO¢. The elastic
[22,33] The spectral evolution of the O K-emission excited peak at 0 eV is marked by a dotted line. The excitation energies for the
at the threshold (C) is extraordinary. Here the O K-emission RSXE spectra are indicated by the arrows (D), (E) and (F) in the V 2p
spectrum forx = 18% is much narrower than fotr=0 absorption spectrum above. A dd-excitation arounti8 eV in photon
and 8%. A possible explanation could be a change in the &%/ loss is "‘;)e” Iaccounte‘?' for by t_hehca'cu'atiopz'm’;‘f/‘ﬁr_the'esss V2p

S - seems to be less prominent as in the case of JgVThis can be
deg_ree of O 2p_\,/ 3d hyt?r|d|zat|on n’_nduced_ by the M_O attributed to a lower degree of correlation in®; compared to NayOs,
doping; more detailed studies about this are in preparationthe spectra consist of an overlap between RIXS structures and ordinary
[40]. fluorescence.
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(E) and (F) inthe V 2p absorption spectrum above the RSXE from the lower Hubbard band V 3dto the upper Hubbard
spectra. Here we present only V 2p RSXE spectra that showband V 3d,, give a measure for the correlation induced
prominent inelastic contributions and are suitable for a com- band gap in this highly correlated Mott-insula{Bd].

parison between experiment and theory. A more complete RIXS in V203 is considerably weaker, perhaps due to
picture and discussion of RSXE spectra at V L and O K the metallic character at room temperature and a presum-
excitation energies has been already given by Schmitt et al.ably lower degree of electron correlation. Nevertheless, en-
[34]. ergy loss features showing up in the RSXE spectraady/

At —1.8 eV energy loss a dd-excitation is predicted at—1.8 eV are attributed to dd-excitations within the crys-
by the model calculations and the experimental spectratal field split V 3d multiplet. We report drastic line shape
show a corresponding structure at this energy loss. Suchchanges in the RSXE spectra for different doping contents
a dd-excitation was also discovered in a recent RSXES x of the Mo,V1_,0, system. These spectral changes are at-

study of 1.5% Cr-doped 303 in the metallic statd37]. tributed to a successive filling of the V 3d band, that achieves
Another dd-excitation peak (at approx.3.3 eV) and the more metallic character for increasing
CT-excitation band (between7 and—12 eV) predicted by A straightforward identification of different contribu-

the model calculations are obscured by contributions from tions in RSXES investigations of vanadium oxides is

ordinary fluorescence that fall at the same photon energy.hampered by the superposition of RIXS and ordinary flu-

This is the V Lg-fluorescence (showing no excitation energy orescence. A way to quench the ordinary fluorescence

dependencé34]), which reflects the LPDOS and thereby channel might lie in employing excitation of spectra at the

reveals the band structure close to the Fermi level, whereV 3p threshold. Generally M-fluorescence is much weaker

one part is interpreted as having a pure V 3d-characterthan L-fluorescence for 3d-transition metals and therefore
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